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WATIOKAL ADVISORY COfMETTEE FOE AERONAUTICS 


TECHNICAL NOTE NO. 139^ 


FLIGHT INVESTIGATION ON A FIGECER-TYPE AIRPLANE 
OF FACTORS WHICH AFFECT THE LOADS AND LOAD DISTRIBUTIONS 
ON THE VERTICAL TAIL SURFACES DURING 
RUDDER KICICS AND FISHTAn^ 

By John Boshar 


SUMMARY 


Results are px’esented of a flight investigation conducted on 
a fighter— type airp.lane to determine the factors which affect the 
loads and load distrihutions on the vertical tail surfaces in 
maneuvers. An analysis is made of the data obtained in steady 
flight, rudder kicks, and fishtail maneuvers. 

For the rudder kicks the significant loads were the "deflection 
load" resulting from an abrupt control deflection, and the "dynamic 
load" consisting of a load corresponding to the new static equilibrium 
condition for the rudder deflected plus a load due to a transient 
overshoot. The deflection load is proportional to the angular 
acceleration which in turn is dependent upon the rate and amount 
of control deflection and upon the directional response character- 
istics of the airplane. The dynamic load had an angular acceleration 
load superimposed on it as a result of the rudder being reversed at 
the time of maximum sideslip. The critical loads on the rudder 
were associated with the deflection load, and those on the fin, 
with the dynamic load. 

The minimum time to reach the maximum control deflection 
attainable by the pilot in any flight condition was found to be 
a constant. 

In the fishtail maneuvers, it was found that the pilot tends 
to deflect the rudder in phase vrith the natiu'al frequency of the 
airplane. At the condition of resonance the load on the fin and 
that on the rudder are approximately 90° out of phase . The maximum 
loads measured in. fishtails were the same order of magnitude as 
those frem a rudder kick in which the rudder is returned to zero 
at the time of maximuui sideslip. 
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INTRODUCTION 


Th© problem of evolving methods for designing the -tail surfaces 
of fighter-type airplanes for the dynamic effects which occur in 
maneuvers has received rouch attention in recent years. In the case 
of the horizontal tail, methods by which the loads may be determined 
for an arbitrary tjoje of elevator motion have been introduced 
(references 1 and 2) and the type of control deflection to be 
assumed in design has been specified (reference 3) • 

In the case of the vertical tail, however, the current design 
specifications consider only steady-state conditions for loads 
associated with a specified steady yaw or a specified rudder angle. 
Indications have been that the loads on the vertical tail are more 
critical in maneuvers than in. steady— flight conditions. For instance, 
in reference 4, critical vertical-tail loads in rolling pull-out 
maneuvers were sho\m to be related to the ratio of aileron power 
and th© static directional-stability derivative of the airplane; 
whereas, in reference 5 the dynaiiic loads in abrupt rudder kicks 
or in fishtail maneuvers wore shown to reach high values. For 
some time, therefore, there has existed a need for a systematic 
fliglit investigation to evaluate the factors which Influence the 
vertical-tail loads. 

t 

Th© purpose of the present paper is to present th© results of 
a flight investigation, of the factors which affect the loads and 
the load distributions on the vertical tail surfaces, in rudder 
kicks and fishtail maneuvers. An attempt has been mad© to isolate 
the effects of power, of speed, of rate, amount, and direction of 
control deflection, and of initial sideslip. Emphasis has been 
placed upon the presentation of the experimental results in the. light 
of theoretical considerations. 


SYI®OI£ 


rudder deflection angle, degrees 

maximum rate of rudder deflection, degrees per second 
&Q elevator deflection angle, degrees ^ 

P sideslip angle, degress . 

F^ pedal force, pounds 
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N. 


Nr 




Kvi 

V 

M. 


N„ 




Nr 


'N,. 


"Nv 



normal force on vertical tail, pounds 

normal force on rtidder, po\mds 

normal force on fin, pounds 

first load peak on vertical tail, pounds 

first load peak on rudder, pounds 

first load psalc on fin, pounds 

second load peak on vei’tical tail, jcmds 

second load peak on rudder, pounds 

second load peak on fin, pounds 

normal-force coefficient on vertical tall 

normal -force co-efficlent on rud< 
normal -force coefficient on fin 




With the foreg.)ing symhols, the prefix represents an 
increment; for rnneuvero, it indicates the maxlravno. increment meas\ired 
from the initial steady -flight value; for steady sideslip, it 
represents an increment measured from the trim value for wings 
level. 


V 

S-^r 


X 


V 


1 

In 


Tc 


airspeed, miles per hour- 

equivalent airspeed, miles per hour- 

total vertical tail area, square feet 

distance from center of gravity to rudder hinge line 
(ahsolute value), feet 

A o\ 

dj-namic pressure, pounds per square foot ( ^PV") 


moment of inertia about, Z -axis, pound-foot- second^ 


(t/pv^b^) 


thrust coefficient 


k 

T 

Q 

D 

•b 

S 

P 

N' 

P 

Cn 

if 


'if 
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propeller tlirust 

torque coefficient 

propeller torque 

propeller dieimeter 

wing span^ feet 

wing area, square feet 

pressure coefficient 

yawing moxnent, foct-po\mds 

mass density of air, slugs per cubic foot 

yawing-moisient coefficient, tail -off (N'/pSt) 

maximum yawing velocity, radians per second 

angular acceleration in yaw 

first maximum angular acceleration in yaw, radians per secondS 

second maximum angular acceleration in yaw, radians 
per second^ 


0 


maximum pitching velocity, radians per second 




first maximum angular acceleration in pitch, radians 
per second^ 


At tjjae interval during which riianeuver is. allowed to continue 

before rudder is returned to zero, seconds 


Aa 

dP 



increment in angle of attack of vertical tail 

rate of change of yawing-moment coefficient with 
sideslip angle (tail' off) 

measvured rate of change of normal -force coefficient on 
vertical tail with angle of sideslip, including the 
effect of rudder deflection 
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rate of change of sideslip vitl-i change in rndder angle 
(frora Btea3;y sldoslip measva'’e 5 iients) 

eotimted rate of change of lift coefficient with 
control deflection for isolated yertical tail 
(l.lO per radian) 

estimated rate of change of lift coefficient with 

angle of attack for isolated vertical tail (1-43 per 
radian) 



ostimated i-udder effectiveness (O.??) 


DH2rim:Tiows 


Deflection load: MexiFAiiii increment in load due to. abrupt 

control deflection at the start of j^ianeuver (first load peak) . 

Dynaurlc load: Maocimuri increment in load including load due to 

the static balance condition for rudder deflected, load due to 
transient overshoot, and load due to rudder reversal (second 
load pealc) . 

U-type control manipu-lation: Ilj'pothetical control r;ianipiilation 

in which both the initial kick and the return of rudder have the 
same araovmt and rate of control deflection. 


APPARATUS 


Test alrulane . - The investigation was conducted on a modified 
Curtiss F-40K airplane which is a low -wing figlrter airplane weigliing 
about 8200 povmds and equipped with a V-1710-F4E Mlison engine 
rated at 1000 horsepower at a presstu’e altitude of 10,S00 feet. 
Figure 1 shows photographs of the test airplane and figure 2 
presents a three -view drawing and a list of some pertinent gec;:ietric 
characteristics . 

The military equipment, radio, and fuselage gas tanlcs were 
removed to permit the installation of the recording Instruments. 

The airplane was flov-m with a center -of -gravity location of 
29-5 percent of the Eiean aerodynamic chord. 
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T ail surfaces .- Jn order to improre the directional stability 
characteristics and to permit the pilot to fly more easily through 
the speed range with only one setting of tlie rudder "trim tab, a 
a fin extension was added (see fig. 3)^ the fin offset was 

changed fro 2 i 1^^° left to 0*^ offset as suggested in reference 6. 

The horizontal tail surfaces were unchanged with the exception 
of the fairing added at the juncture of the fin and horizontal 
tail to cover the pressvire lines. The amovint of protuberance of 
this faii'ing is shown in the photogt’aphs of figure 4. 

Orifices were installed opposi'be each other on the left and 
right sides of the vertical tail at the locations shown in figure 

Flight instrug ients . - Instruments instadled to measure the 
differential pressures, the control forces, control deflections, 
and the motions of the airplane were as follows : 

(1) Multicell iranoiTjeters to measure the differential pressui-es 
over the vertical tail surface at the points shown in figure 5 

( 2) fn KACA airspeed recorder with the swivelling static head 
located approximately one chord fomrard of the rigiit wing tip 
(See fig. 1(a) . ) 

(3) Control -force recorders which measured the forces exerted 
by the pilot on t-'e cticlc (aileron and elevator) and on the rudder 
peda].s 

(4) NACA olectrical control -position recorders which measured 
the oleva.tor and rudder -control positions at points on these controls 
near the fusela^ center line 

(5) A side slip -angle recoi-der mounted approxiaiately one-half 
chord above and one chord forwa.rd of the left wing tip (See 
fig. 1(a) .) 

(6) Accelerometers which recorded transverse and non'nal 
accelerations at points 59 and 152 inches behind the center of 
gravity 

(T) Turnmeters which Pleasured the angular velocities in yaw, 
pitch, and roll 


( 8) A timer used to sjuichronize all records 
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Prior to each test tfca pilot noted the manifold pressure^ the 
pressure altitude, tlie airspeed, ar^d the coclopit settings of the 
midder, elevator, and ailex-on trim tehs. 


I’SST PHOdiW. 


The test prof;ram he divided into tln'oe parts: (l) tests 
conducted to ohtain stea(l>''--flight data, (2) tests in which rudder 
kicks were xiiade, and (3) tests in which fishtail maneuvers were I'liade . 

St ead5’--f light i-uns . - Inasmuch as the vertical-tail loads on 
an airplane are related to its steady sideslip characteristics, a 
number of steady -flight runs were made at various values of steady 
sideslip and speed, and at two poorer conditions. The data were 
recorded after the pilot had trimiued the cdrplane at the test 
condition. Huns v/ero obtained through a speed range of 100 to 
380 miles per horn’ with power on (power for level flight or rated 
power when necessary) an^. 3.00 to 220 miles per houi’ with powor off. 

R udder kick s . •• Rudder kicks (singde abrupt rudder deflections) 
are useful in the stud'^ of the directional stability chciracteristics 
of an airplane and for the investigation of the effects of rate, amount, 
ani5. direction of control defloction on the vertical-tail loads. 

A total of approximate3.y 50 left and ri^-xt rudder kicks wre 
made during whicli pressure distributions wex’e nieasured. Of these 
runs approximately 30 were kicks from the wings -level condition 
and 20 were kicks against an initial steady sideslip. Tlie runs 
•jTere mde at speeds of appi'oximately' ICO, 200, and 300 Eiiles per hour 
with polder on and pos/er off . The ruddo^’ kicks were pGrfon:ied at 
medium and fast rates from trimmed flight. In addition, 70 rudder 
kicks in which, loads were not liieasured were found to be useful in 
the analj'-sis. 

Fishtail maneuve rs. - Fishtail j^ianouvers (periodic rudder 
oscillations) were iiade with power off and pcver on at speeds 
of 150 and 200 miles per hour during which the pilot attempted to 
roaximize the loads on the vertical tail. Also, runs were made 
at 150 miles per hour during which the pilot applied an abrupt 
rudder deflection against the sw.lng at the time of maximwa yawing 
velocity. A second pilot was asked to perform mild fishtail 
maneuvers at speeds of 200, 250, 300, and 350 miles per hour. For 
this series the pilot was free to use as much coordination as ho 
wished so that irifornation would be obtained to evaluate the 
maneuver under such conditions. 
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METHODS 


Pressure distribution s . - The records used in evaluatinc the 
pressijre distrihutions were read at time values which would permit 
an accurate tirae history to he represented. The chordwise integrations 
were perforiiBd in two parts so that the chordwise and spanwise 
loads could he obtained separately for the fin and rudder. A 
numerical method of obtaining the spanwise center of load on the 
fin was vised. 

Ot her recor ds.- The angle of sideslip for the steady sideslip 
results was corrected for the effect of inflow as deteriiiined from 
the resuJ-ts of a calibration flight in which similar sideslip- 
angle recorders were installed on each wing tip. This correction 
was not Eiade for the sideslip angle records in the time histories 
since only incremental values irere used in the analysis and the 
angle of inflow correction was nearly constant tliroughout the 
maneuver . 

The only other corrections made were the compressibility 
correction to the airspeed and the correction to the rudder and. 
elevator angles for the amount of trim tab deflection iBg-ijiired to 
keep the wings in level trim. 

The rate of control deflection and angular accelerations 
wei’e obtained by mechanical3.y differentiating the control deflection 
and the angular 'velocity records, respectively. 

Se paration of load compo nents . - The method of separation of 
load components on tlie vertical tail wa.s found to be accomplished 
most conveniently by considering the load to be made up of two 
components: one necessary to balance the unstable wing -fuselage 

yawing moment in sideslip and one due to yawing acceleration, or 


However, some use vras also made of the expression for the load in 
terms of effective angle of attack at the tail; that is 



( 1 ) 



( 2 ) 
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where, approxiuiately, 



The fora of equation (l) is particui-arly useful in the present 
case because both the parameter dCn/dP and. the factor 

were derivable from flight results as shown subsequently herein and 
also because the maximum loads covild be defined when only the value 
of maximum yawing acceleration ^ and the rnaximum angle of sideslip 
Ap were laiown. 


RESULTS AND DISCUSSION - STEADY FLIGHT 


Wings level .- The pertinent data obtained from tests with 
wings level are shovm plotted in figures 6 and ?• Figut.-^ 5 shows 
tho variation with speed of the amount of rudder, elevator, and 
sideslip angle- reqr.ired to maintain v;ings level for power on and 
power off. Figure 1 shows the variation .of t.’ie normal -force 
coefficients over the fin, rudder, and total vertical tail, and 
the spanwise variation of center of load on the fin with speed. 

These curves are typical for a single -engine airplane. The 
variations shown in figures 6 s,nd T are caused by the effects 
of propeller rotation in producing a twisting slipstreara and by 
a direct asyrmnetric thrust due to the inclined propeller. V.’ith 
power off the variations are probably the resuJ.t of a windm.illing 
propeller, particvdarly at speeds lower than 200 miles per hour, 
where tho amount of blade adjustment possible is insufficient to 
maintain the rotatj.on of the constant -speed propeller- The spanwise 
center of load on the fin moves outboard with decreasing speed 
but, from consideration of t]ie loads, this movement with wings 
level is not very significant because of the small bending mioments 
involved. 


Steady sideslip .- Steady -sideslip data are presented in 
table I and in flf^ires 8 to 12 . The data are shown as incremental 
values measured from the condition with wings level. 

Figure 6 presents the changes in rudder deflection, rudder 
pedal force, aiid elevator deflection required for changes in 
sideslip measured from the wings -level trim value. The Increments 
in pedal force are shewn as pedal -force factors, which are obtained 
by dividing the pedal force by the di-'nai:;ic pressure sc that the 
data from all speeds my be coEibined. The change in elevator angle 
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required with a change in sideslip results from a change in tiae 
pitching moment of the airplane with sideslip. The varia.tion of 
rudder angle with angle of sideslip is seen to he approximately 
linear throughout the speed range. Figure 9 presents the variation 
of the normal "force coefficient with sideslip for the rudder, 
fin, and total vertical tail surface . The variations shown are 
consistent with the trends of figure 8. The rate of change of 
nornial -force coefficient on the vertical tail with angd© ot 


vertical tail to balance the 'unstable yawing moment of the wing 
fuselage configuration. From this value the parameter dC^/dP 
may be obtained as 


Figure 10 presents isometric views of the pressure distribution 
over the vertical tail at various incremental values of sideslip 
for power on at an airspeed of 220 miles per hour. The spanwise 
load distributions on the fin and rudder corresponding to the 
isometric diagrams of figure 10 are shown in figure 11. 

Figure 12 shows the variation, of spanwise center of load on 
the fin with change in sideslip from the wings-level trim value at 
airspeeds of 100, l60, and 220 miles per hour. With change in 
sideslip from the wings-level condition, according to figure 12, 
an inboard movement of the spanwise center of load occurs which 
is probably a result of the displacement of the tail from the region 
of greatest fuselage boundary layer. 


Data pertaining to the rudder kicks are plotted in figures 13 
to kl. The data fa’ all the rudder kicks are shown in tables II 
and. III. Before a detailed analysis of the loads is raade, it 
would be of value to note the general nature of the airplane Diction 
and the sequence of events. For this purpose typical time histories 
of the measurements are shoim in figiures 13 to l8. 



ViP /v 


is used to define the load required on the 



EESULTS AND DISCUSSION - EUDDER IdCKS 


Time Histories 
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Figures 13 and 15 present the time histories of right and 
left rudder kicks, respectively, made at airspeeds of 100, 200, 
and 300 miles per hcu\' with power on. Tlie norraal load on the fin, 
rudder, and total, vertical tail surfa,ces associated with these 
measurements are sliown in figui’es 1^ and l6. Tiine histories 
for two rudder kicks applied against initial steady sideslips to 
the left and riglit made at airspeeds of 200 miles per hoaua 
are shown in figure 17 and corresponding noi’mal loads on. the 
vertical tall surfaces, in figire l8. 

.From a study of the tiiie histories the following sequence of 
events and items of interest may he observed : 

(1) Before the maneiiver is started the airplane is in steady.’’ 
trim fli^t as indicated' hy the constant initial values of the 
variables . 

(2) After the application of an abrupt pedal force a lag of the 
order of a fraction of a second occurs before the rudder begins to 
respond because of flexibility in the control system. 

(3) The ai.rplane j-^aws as soon as the rudder is deflected. 

(4) The greatest rate of change of yawing velocity (the maximum 
yawing acceleration) following the rixdder deflection occvirs before 
the value of sides3.ip has changed from the trim condition. 

(5) The tlBB interval from the start of the naneuver to the 
time the maxi.mum yawing velocity is reached is, rouglily, inversely 
proportional to the airspeed. 

The tir.ie histories show that an 8,ppreciable amount of pitching 
is induced during the maneuver. V/ith right rudder deflection 
the pitching is nose -down and with left rudder deflection it is 
nose -up. The pitching is caused prii.arilj' by two effects; namely, 
the precessional moment which results fx-om yawing the propeller 
disk and the change in airplane pitching moEsnt with sideslip. 

The precessional effect precedes the efx"‘ect of sideslip by a phase 
relation of approxiinately 90° since it depends upon the yawing 
velocity rather than the angle of yaw; a,lso, the sirji of the 
precessional pitching moment depends upon the directioh of yawing; 
whereas the sign of the airplane pitching moment due to sideslip is 
negative regardless of sideslip direction, as is shown by the vai'intton 
of elevator reo.uii’ed with sideslip (fig. 3) . The net effects are 
additive for right rudder kicks and cancel3.ing for .left ruddex' kicks. 
This result explains the phase difference bet’.reen the yawing- 
velocity curve and the pitching -velocity curve for left and right 
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rudder kicks. The combined effects for right rudder kicks produce 
a decrement in vertical acceleration as high as approxims-tely 1.76 
at the center of gravity^ as is Indicated by figure 13(c) . 

The time histories of the losd.s on the vertical tail svcrfaces 
(figs. l4, l6, and l8) exhibit the same general characteristics as 
the load variation on the horizontal tail following an abrupt 
elevator deflection. The first significant feature is the load 
peak due to the abrupt deflection of the rudder. This first load- 
peak increment is termed the "deflection load" herein. The second 
feature indicated by the load time histories is the build-up of 
load in the opposite direction as the airplane responds to the 
unbalance created by the control deflection. In seeking to assume 
a new static eq,uilibriuiii position a transient "overshoot" occvirs^ 
the magnitude of which is a function of the d^naiuic lateral stability 
of the airplane . The aiaximuji balance load thus consists of a static- 
balance trim value and a transient loefi.. This second load peak 
increment is referred to as the "dyna^iic load." 

The load variation with time on the rudder end fin shows that 
the rudder carries most of the deflection load; whereas the fin 
carries most of the dynaicic load. 

The deflection load and dynamic load will be discussed separately^ 
rise being made of the brealcdown of the load into the component 
necessary to balance the unstable yav;-ing moment of the wing-fuselage 
combination and that associated with the yawing acceleration. 

(See section entitled 'liyiETHOIS .") A time history of the component 
of load due to each factor and a comparison of the combined effects 
with the measured vertical-tail loads is shown in figiu’e 19 for 
fli^t 11a, run 1. As expected, the agreement is particularly good 
since the parameter dCn/dP (as already shorm) and the factor 

I^/xy were determined with the aid of experimental results. The 
details of determining I^/^v will be given in the following section. 

In the subsequent discussion the definitions illustrated in 
figure 20 may be helpful. 


Deflection Load 

General relation s . - In the deflection load, as shown in figure 19, 
the component of load necessary to balance the unstable wing-fuselage 
moments in sideslip is absent and the deflection load is defined by 
the angular’ -acceleration component only; therefore, when the values 
of the first yawing acceleration the moment of inertia of the 

airplane I^, and tlie tail length Xy are Inovm, the load my be 
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deterrained "by the relation 


This relation is shoim in figure 21 in which the riiaximuEi yawing 
acceleration seen to he linearlj’’ related to the experimentally 

determined deflection load. This curve, then, is an experimental 
determination of the factor l2,/^v Inasrauch as figure 21 shows 
that such a definite relationship exists, it will he used in the 
suhseq^uent analysis to deteriiilne the deflection load from the 
value of yawing acceleration only. This relationship permits 
determination of tail loads by use of tiie rudder-kick data 
presented in table ];il for which direct tail load measurements were 
not available . 

As an introduction to the factors which affect the magnitude 
of the deflection load, it is convenient to consider two extreraes 
of control manipulation, zero and infinite rates of rudder deflection. 
When the rate of rudder deflection is zero or very slow the airplane 
will adjust itself to a new static equilibrium position as each 
infinitesimal increment of unbalance is impressed and the deflection 
load wi3.1 be zero regardless of the amomt of control deflection 
or the a.irplane stability or riiass characteristics. When the rate 
of rudder deflection is infinite, however, because of the inertia 
about the Z.-axis, the lift is experienced before the a.irplane can 
respond and the deflection load becomes approximtoly equal to 
that on an isolated tail with a value corresponding to the ai^iount 
of control deflection attained, that is; 


For actual cases, where the rate of deflection is between zero and 
inf’inity, the deflection load is dependent upon the rate of 
deflection, anouiat of deflection, and the resiDonse characteristics cf 
the airplane . 

For an airplane of given characteristics the amount of control 
deflection that can be applied and the response characteristics of 
the airplane are, in general, fixed so that it becomes convenient to 
consider the rate of control deflection as the prime determinant of 
the deflection load. The deflection load thus involves a deterriination 
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of (1) the maximum rate of control deflection the pilot employs and 
(2) the load corresponding to this maximum rate. 

Eate of control defle ction.- From the many rudder kicks performed 
in this investigation some information was obtained which pertained 
to the rate at which the controls were deflected. It is to he 
emphasized that these are the rates that the pilot actually'’ used, 
which may or may not he those of which he is physically capable . 

Date pertaining to the maximum rate at which the pilot deflects 
the rudder is shown in figures 22(a), 23(a), and 24 (a) for kicks 
made from tlie vings-level condition and in figures 22(h), 23(h), 
and 24(h) for kicks against an initial sideslip. 

In figure 22(a), the rates of control deflection are shown 
plotted against airspeed for all rudder kicks made from the wings - 
level condition and in figure 23(a) the rates are plotted against 
the raaximum increi'nental pedal force. The faired lines in figure 23(a) 
define the envelope of the maximum rate of control deflection 
attained. The maximum rate of deflection is noted to decrease with 
increase of pedal force, or amount of resistance to deflection. 

This result is in agreement with the resudts of tests made on the 
ground to determine the rates of elevator deflection used by a 
number of pilots (reference T) • On the basis of the relation 
indicated in figur^ 23(a), the envelope describing the Emiimum 
rate (fig. 22(a)) can be explained by the amount of resistance 
encountered. For instance, the rate of control deflection is 
greatest for the condition of power off and low speed. 

In figure 24(a) the ra.tio of rate of control deflection and 
amount of control deflection is plotted against spfed for power on 
and power off. This figure shows that the ratio 6 j,/A 6^ approaches 
an upper limit of 10; the reciprocal of this ratio signifies that 
the minimun time to reach the highest control deflection the pilot 
can attain at each flight condition^ is a constant equal to 0.1 second. 
The conclusion tha.t the ratio is a constant may be deduced 

from the fact that both the maximum amomt of deflection the pilot 
call attain, Abj,, and the maximum rate of deflection, bj,, are 
proportional to the same factor (the pedal force). It should be 
pointed out here that the rate of control deflection used in 

the i-atio is the maximum measured during each rudder kick (see 
symbols) so that the minimum time value is derived from values of 
the ratio> which are themselves minimums. 

Similar date obtained from the rudder kicks against an initial 
sideslip are presented superimposed on the data obtained from kicks 
made from the wings-level condition in figures 22(b), 23 (b), and 24(b). 
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It ia shoim in "both fig^lres 22{'h) and. 23(13) that the rates of 
deflection are hi^ier than the inaximuins defined hy the envelope for 
the data for rudder hicke from the wings-level condition. This 
restilt is obtained because the increment in pedal force is measured 
from the initial sideslip value, which in this case is an untririmed 
value, so that a resistance to deflection is indicated that is 
higher than actually exists- Actually, the rudder tends to move 
toward the trim position of its o\in accord when the pilot releases 
it to apply opposite rudder. Figure 2^(b) shows that the tiriie to 
reach the maximum rudder' deflection is the same constant value as 
that obtained bj’- rudder kicks from the wings-level condition. In 
this case, the greater rates are evidently balanced by a greater 
increment of cont.rol def lection - 

Deflecti on load asso ci ated with ma xim u m ra te of contr ol. •• 

The maximum deflection load per unit rudder deflection Is shown 
plotted against dynamic pressvire in figure 25 and is compared with 
the val’.;ie computed from the geometric parameters of the ta.il for 
an infinite rate of deflection. The loads with po^^er on are 
shown to be greater than the computed values at the lower speeds 
due to the fact tliat foi' the computed values the dynamic pressure 
at the tail was assicaed to be equal to the free -stream dynamic 
pressure. At higii speeds the actual maxiraum load experienced is 
almost 100 jjercent of that for an infinite rate of contro.l 
deflection for this airplane. 

In figure 26(a) the theoretical efiect of rate of rudder 
moveinent on the deflection load is shoT-m. The computations were 
made for the linear -tjn-)e control deflection by the method indicated 
in reference 5* The fi^rxe shows the deflection l0£td in percent o.f 

AS^ 

the load for an Infinite rate of deflection r~' = 0 plotted 

Or 

against t.he time to reach maxteum deflection (A5j,/d^) . For the 
maximum rate of control deflection used by the pilot (a minimum 
time to reach L-iaximuiii deflection of 0.1 sec) the load at 100 miles 
per hour is almost equal to that for an infinite rate of deflection. 
At higher speeds the rate becomes more critical in that the 
airplane responds more rapidly; hoiTOver, even at a speed of 
300 rai.les per hour the deflection load for a control deflection 
completed in 0.1 second is approximately 95 percent of that for 
an ini'inite rate. As previously mentioned, the value of 0.1 second 
is based upon a linear-type control deflection which has a, constant 
rate eq'ual to the measured maximum rate . The assumed control 
deflection compared with a typical flight control deflection is 
shown in figure 26(b) . 
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Dynamic Load 

Ge neral relat ions.- In figure 19, time histories of the component 
of load on the tail associated with the angular acceleration arid the 
component due to sideslip are shown for one run, together with a 
comparison of the tiiae histories of the suiimiatlon pf the coiiiponents 
and the measrired vertical -tail load. In figure 27 the measured 
dynamic loads are shown compared with the load coa^uted from the 
relation 


JL-t] 


Iz, 


dp 






The date for rudder Iclcks against sideslip (fig* 27(t)) are 
noted to have a sli^itly different slope from those of rudder 
kicks from the wings-level condition (fig« 27(Q'))* The difference 
is presumed to he a result of differences in the action of 
secondary effects such as damping in roll or linear acceleration. 

The comparisons, however, indicate that for the test airplane the 
equation adequately represents the dynaml -onloads data. Thus the 
dynamic load following a rudder kick may he easi].y determined if 
the maximum value of sideslip Ap and yawing acceleration ^ 
are available . 

Some f^^rther discussion is needed regarding the factors which 
affect the angle of sideslip and the angular acceleration attained. 

A ngle of sMesl ip.- For steady sideslips the araount of sideslip 
attained hy a ^ven rudder angle is proportioiial to the factor 
a.p/do^ (fig- 8). In abrupt rudder kicks, however, for an airplane 
with less than critical da^aping, a transitory angle of sideslip 
which is greater than the final steady sideslip will occur. For 
the case of zero directional damping and an abrupt rudder deflection, 
this transitory angle of sideslip would amount to twice the steady-' 
state value of sideslip for the same rudder angle or 2(dp/d0p). 


The test airplane has low directional damping (as do most 
conventional airplanes) so that an overshoot resulting in a 
magnification factor of 1.5 to 2.0 over the steady -state value is 
to be expected. An approximate value of this factor for the test 
airplane may be obtained from figaire 28(a) which shows a plot of the 
ratio of angle of sideslip reached in rudder kicks to the value 
which would be reached in steady sideslips with the same rudder 
angle. At speeds of 100 and 200 ifiiles per hour the full 
magnification factor is not reached because the rudder generally is 
reversed before the mnouver has continued long enough for the 
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potential sideslip angle to "be i-ealized. The early rudder reversal 
relative to the tiEe of inaximutti sideslip is shown in the tiice 
histories of the rudder Icicles rade at low speed (see fig. 13) and 
the computed effect of mrious tiiiies of rudder reversal on the 
sideslip reached is shovm in fippji’e 28(h) . At 300 miles per hour 
the rudder, in general, was held long encvigh for the f\iLl sideslip 
to he realised so that the magnification factor of approximately I.5 
obtained at this speed is believed to ho near the true value for the 
test airplane . 

Angul ar accelerat ion." The niaximum angular acceleration is 

made up of the superposition of a coxrqjonent that is proportional to 
the eiiount of overshoot and a component I’osulting from the reversal 
of the rudder. The component due to the ari’.cunt of overshoot depends 
upon the amount of damping, being zero for the case of critical 
damping and equal to the deflection angvlLer acceleration i|/2_ for 
zero damping. The component of angular acceleration due to rudder 
reversal is dependent upon the rate and amount of control deflection 
in the sairie rnaaner as is the deflection an^rulax' acceleration. 

If the reversal deflection has the saaie rate and aaicunt as the 
initial deflection (U--type rudder manipulation) the reversal 
component would exactly equal the deflection angular acceleration . 

The two parts making up the yavring acceleration ^ 

Indicated in figure 29 in v/'hich the time histories of the load 
associated with the yawing acceleration only are shown for 
ruddor kicks In vrhicii the rudder vmis returned to zero after different 
time intervals. The tiine history foi’ run 5 indicates the ^maicimum 
angular acceleration without the reversal whereas in rua o tlie 
rudder was reversed at the tiv.ie of raaxiDium sideslip so that the 
maximum yavring acceleration includes the effect of rudder reversal. 
From this figure it is evident that the rudder kick in vrhich the 
maneuver was stopped earlier results in higher loads because of the 
superposition of the tv;o yawing-acceleration components near the 
time of their maximum values. 


In order to indica'fce the likelihood with which the angular 
accelerations superimpose at their xiieximum values, the ratio of the 
second peak angular acceleration to the fii"st pealc ^ 2^1 

shown plotted a,gainst sijeed in flgaire 30 (a) . In general, an approach 
of the ratio to a factoi- of 2 would indicate that the angular 
acceleration components superimposed at their peshs; without the 
reversal component the ratio would be less than 1.0 since the over- 
shoot component of io alone will alwa;/s be less than the deflection 
value. Strictly speaking this value is obtained only for a. U~type 
control mnipulation and, as indicated by some hl^ values of the 
ratio (as high as 2.45), the rudder was returned past the trim 
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position in some cases. The time histories (figs. I3 and 15) 
indicate, however^ tha,t althougla the rudder reversal vas riie.de at 
rates and amounts sometimes greater and sometimes less than the 
initial rudder kick, the U--type manipulation represents an average 
t;y pe . 

The computed effect of the time Interval during which the rudder 
is held upon the manner of superposition of the angular acceleration 
components is shown in figure 30(t>) . 

The data of figure 30 (s-) show that at 3OO rriles per hour the 
average of the components of angular acceleration due to overshoot 
and rudder reversal superimpose near their itiaximum values and 
also that the U~type rudder manipulation is not an unduly conservative 
one as is sometimes felt in the specification of control motions. 

Es timat e of max i mum v a lue fo r dynami c lo ad from flight data . - 
An approximate formula for the estimation of the order of m^itude 
of the dynamic loeid would assist in assessing ;the relative significance 
of the factors involved. For tills purpose the expression for the 
load on the vertical tail in terms of an effective angle of attack 
is most convenient; that is 


This expression is adequate when maximum values are considered inasmuch 
as the angular velocity is zero at the time of maximum P; also the 
sidewash factor may he assuraed to he zero. 

The angle of sideslip attained in a rudder kick may he written as 
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where dp/d5^ is the E©as’;j:*ed slope as ohtr.ined frora stead^^ 
sideslips and k is a ;nagnif ication factor which as noted previously 
would range fi'cm a vai.ue of 1 for a critically daiiped airplane to 
a "value of 2 for zero dariiping. Thus, 



For the critical case of a rudder reversal at "tho tiine of 

/dCA 

maociriuru dynaniic load the terii Sr'i^v added to the 


c/r 


expression. If the reversal is assitiied to be made at an irifini"fce 
rate and to be eqml to the Initial deflection, the load becoioes 





For tlie "test airplane dp/d&j, is approxiiiiately eqx’.al to 1.5 
(fig. 8) and as an upper-liJnit value, k = 2.0. The comparison of 
"the measured load with the load com.pu"fced from the approximate 
formula is sho"wn by the line in figure 31 * 


Load Distribution 

In order to furnish a general picture of the distribution of 
load during a rudder kick, isometric views of the pressure distribution 
over the vertical tail during right and left rudder kicks are shown 
in figure 32* The figure shows the distributions on the vertical 
"bail for steady’ fligli"b, the time of maximum deflection load., an 
intermedia"fce point in the Lianeuver, and tiie "time of liiaximum dyna-iic 
load. It can be seeia from this figure and the tiaie histories (figs. l4, 
l6, and l8) that the nadder carries most of the deflection load and 
that the fin carries most of the d^'namic load. As regards the 
chordwise distribution of load, all types of distribu-tions appear 
to occur during the rudder kick. The deflection load represents 
the zero -yaw full -rudder load; the intermediate point dui’ing "the 
iiianeviver is the balance -tj^pe load, and the maxiraum d^j^namic load is 
a high angle -of --attack type of load, with hi^i leading-edge pressures. 

Distribu'tlon of load be tv/e en rudder and f in. - Further information 
on the dis'bi’ibution of the loc.d betweexi the ruider and fin is given 
in figures 33 and 34. A comparison of tho "magnitude of the deflection 
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load on the rudder with that on the total vertical tail is shown 
in fiGixre 33(3-) rudder kicks from the win^^s -level condition 
and in figure 33(4>) for rudder kicks against initial sideslip. As 
3ho\-m hy the tiine histories of figures l4 ancl. 16 the rjaximuiii 
deflection load, on the rudder occurs after the r/iaxii'ium on the 
total vertical tail so that the load values plotted in figure 33 <io 
not necesssjrily occur at the semie tlnie. Fror.i figure 33, the load 
on the rudder is found to he approximately equal to the total 
deflection load. For the high, loads which were attained at 300 miles 
per hour the rudder deflection load is actually greater than that 
on the total vertical tail. This condition results from a comhination 
of the lower rate of control deflection with the more rapid 
airplaiae response, with the consequ.ence that the airplane starts to 
yaw before the rudder has completed its travel. The yawing -velocity 
iraposes a load on the fin that is opposi'te -go -the rudder load end 
results in a lasrer net load on the tail. This effect is illustrated 
in figure 32 hy the higher press^u.'’es on the rudder at an intermedla-be 
point diiring the maneuver rather -tlian at the time of maximtun 
vertical-tail deflection load. 

A comparison of the dynamj.c load carried hy the fin with 
that carried hy the total vertical tail is shovm in figure 3^!-(3-) 
for rudder kicks from the wings -level condition and in figuia 34(h) 
for rudder kicks against steady sideslip. The fin is sho-wn to 
carry approximately 90 percent of the dynaMc load in rijdder kicks 
from the wings -level condition and about 100 percent of the ^.j^namic 
load in kicks against sideslip, ■'vixen the fin cari-ies a load greater 
than 100 percent, the total load includes a rudder load in a 
direction opposite to that on the fin. 

S panwise and cho rdwlse lo ad d istribution.- The spanvise-load 
distributions on the fin at the tixi'ss of maximuia fin load and on 
the r'uh.der at the time of maxixium rudder load are presented in 
figure 35 for power on and figure 37 power off for the most 
severe rudder kicks mde in each direction and at each "test speed. 

The symbols in -bhese figures are used to distinguish chordwise-load 
points of two runs having approxima-tely -the same value of load. 

The chordwise pressure distributions over rib V (fig. 5) obtained 
at tixues corresponding to the t lines for which the spanwise load 
distributions are shovm are presented in figures 3^ and 38* 

Figure 39 shows that the spanwise center of load on the fin 
varies slightly depending upon the direction of kick as well as 
upon the airspeed. On an average, the spanwise center of load is 
10 percent farther outboard than -the air -load distribution for 
which the surfaces were designed. 
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The chordwlse-load distrihutlona in fi,yures 36 and 3 S chow that 
(except at an airspeed of 100 wph) tie liiaxiinum fin load is, in general, 
associated with a. small value oi' load on tlie rudder, whereas tlie 
Diaximuiii rudder load occurs during an intcniiedia-be point in the 
maneuver when the fin has some load due to yawing. 


The cojistruction of load diagrams for the vertical tail 
surfaces my he mde "by the use of the foregoing results. For 
instance, the deflection load, was shoim to he critical for the 
rudder. At higli speeds the total deflection load was less than 
the load for an infinite rate of control deflection (see fig. 25) 
hut the load on the rudder ms greate.r tJian 100 percent of the 
deflection load and it is the.refore reasonable to assuune that the 
critical rudder load may he equal to the total deflection load at 
an infinite rate of control deflection. Thus, 


In figure 4o(a) the load co.mpuited hy 'Idiis equation is shoxm to 
compare well with the maximum values of measured rudder loads. 

The dynainic load was found to he critical for the fin. The 
load on the fin may he expressed as some fraction K of the 
dynamic load. The factor K may he determined from the geometric 
characteristics of the tail for the assuiaption of a, hypothetical 
control motion in which the rudder is returned to zero at the time 
of maximui'a sideslip; that is 


For the test airplane the factor K for this condition \^a,s 
shovai to he 00 percent in rudder hides from the wings -level 
condition (fig. 3^(a)). 


Load Diagrams 



AM. 


= K 
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In figure i)-0 this relation is shown on the "basis of the load 
per degree rudder deflection against dynaiiic pressure ^ along with 
experimental values. In the calculations the ms-gnification factor 


was assuiied to "be 2.0 and 



1 - 5 . 


k 


The load diagram in figure 4l was constructed from the 
preceeding formuJLas. The dashed lines show coxrputed loads for two 
pedal forces and the points represent t}io largest experimen'fcal 
valties obtained at equivalent airspeeds of 200 and 300 miles per 
hour . 


RESULTS AUD DISCUSSION -• FISHTAIL JiAIiSUVERS 


Vertical -tail failures have occurred on military airplanes 
during evasive action or fish'bail maneuvers. SoLie concern has 
therefore "been expressed about including tlie fishtail maneuver as 
a critical design condition because the wei^it penalty for adequate 
strength was considered prohibitive . In addition, there was for 
a time an li^pression among socie designers that the vertical tail 
could fail on any airplane if • the rudder deflected in a sinusoidal 

manner at the natural frequency of the airplane . A specification 
as to how far the roaneuver was to be continued consequent!;)" seemed 
to be in order. For this purpose, an aiialagous s3^stea which is 
familiar in simple dynamics may be used to furnish useful information 
concerning the fishtail i/ianeuvers. 


Considerations from Simple Dynamics 

As was pointed- out in reference 5, the fishtail maneuver can 
be assumed to be a flat yawing maneuver so that the solution to 
this problem might be equivalent to that for a linear single - 
spring system. A brief review of well-knoTO results of the spring 
system from simple dynaiuics will therefore furnish a useful back- 
ground. The curves shown in figure h2 (taken from reference 8) 
apply to the case of an external sinusoidal force acting upon the 
spring system. 

Figure 42(a.) sliows the aiiiplitude ms.gnification factor plotted 
against the ratio, of the frequencji- of the impressed force to the 
natural frequency of the system for systems having different ratios 
of damping to critica.1 dairying. In figure k2(b) the phase relation 
between the inroressed. force end the amplitude is presented for the 
same conditions. In terras of what happens in the fishtail maneuvers 
the following observations aiay be mode from this figure. 
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(1) For an airplane with sojae damping the sideslip (or amplitude) 
magnification will reach a find.te eig^uilihrium value even for the 

case of a rudder oscillation having the sair© frequency as the airplane • 
The amount of magnification is dependent upon the ratio of the 
damping to the critical damping end. of course, upon the freqviency 
at which the rudder is deflected relative to the natural frequency 
of the airplane . 

(2) The rvidder angle (or foi’cing function) is cut of phase with 
the angle of sideslip (or amplitude) hy an amount depending upon 
the amount of relative dainping. At resonance, however, the phase 
relation is always 90° • For resonance, therefore, for a perfect 
fishtail, the rudder angle will he zero at the tia© of mximuni 
sideslip and nuucimum at the point of zai-o sideslip. 

It should ho noted at this point that these cxu’veo could have 
"been derived, in terms of loads in which case the magnifications of 
figure 4?(a) would then he expressed in terms of load magnification. 

For the case where the impressed frequency is tlie same as the 
airplane frequency, in which case the rudder deflection would he 
zero at the time of maximura sideslip (fig. 42(h)) the expx-ession 
for the load in a fishtail maneuvei’ wo^uLd become 


The resu3.ts obtained during the fislrbail inveatigs.tion are 
given in table IV. The first eight of these fishtails were slightly 
artificial since the pilot deliberately tried to obtain high tail 
].oads, whereas the last four* wore made in as natural and comfortable 
a manner as possible . 

The first set of maneuvers was intended to show how critical 
the maneuver could be if the pilot delj.berately tried to work the 
riAdder control at the same frequency as the airplane frequency in 
order to reach high angles of yaw. The time histories of these 
maneuvers are presented in figures 43 and 44 for the power-on .and 
power-off maneuvers made at I50 and 200 miles per houi’, respectively. 
In figure 45 are presented power-on and power-off fishtail maneuvers 
in which the pilot kicked the rudder against the swing at tlie point 
of maximum yawing velocity. All of these maneuvers (figs. 43 to 45) 
were very uncomfortable to tlie pilot because of the severe pitching 
which resulted. 



/jialysis of Tests 
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The second set of tests consisted of the fishtail maneuvers 
in vhich a different pilot performed a rmild fishtail maneuver in 
as comfortable a manner as possible. These maneuvers are presented 
in figures 46 aiid 47 at speeds of 200 and 250 miles per hour 
and 300 and 350 miles per horn^ respectively. 

A study of the time histories of the fishtail maneuvers yields 
the following: 

(1) The maneuvers in which the pilot was free to coordinate 
the controls show that the pitching was very mi:ch less, with the 
result that the iianeuver was not particularly uncomfortable . 

(2) Within only one cycle of rudder motion the loads attain 
values close to the maximum measured during the whole maneuver. 

(3) As the maneuver continues, the load on the rudder tends to 
bear the 90° phase relation with the load on the fin. This result 
is expected from figure 42(b) for the condition of resonance. 

(4) The abrupt rudder deflection applied against the maximum 
velocity of swing resvilts in high rudder loads (fig. 45). If the 
rvidder is moved against the airplane swing, the phase relation of 
the rudder and fin loads is disturbed so that the loads become 
additive . 

Frequen cy of rud der operation with re lati on to f reque ncy _of 
airpla ne . - One of the points of interest in the fishtail tests was 
to note whether, as might be expected, the pilot tends to move the 
rudder in phase with the airplane frequency. In order to obtain 
the average rudder frequency for each maneuver, the actual control 
manipulation was arbitrarily approximated by a sine function. The 
rudder control deflections for all 12 runs are shown in figure 48 
in nondiri:iensional form; the actual control deflection was divided 
by the amplitude of the sine curve used in the approximation of the 
motion. The assuBied sine curves are also shown. The natural 
frequency, f^, of the airplane was GOi)5)uted from the expression 


where Kq and K2 are determined from the aerodynamic characteristics 
of the airplane and are defined by eqmtion (5) of reference 5- 
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Inasmuch, as the period, is a more usual ■way of plotting 

the airplane response, the data are shewn ijlotted in tnao Lisnuer in 
figure 49 * From this f'igure it is seen the/b the fishtail liianou'vers 
made hy the pilot when his actions were unrestricted (s;;/mbol3 with 
tails) were as close to the airplane period as those maneuvers in 
which he at'tompted to work the controls at the same period as the 
airplane. Althou^ the control deflections are irregular, the 
results indicate that the pilot does tend to work the^ controls in 
phase with the ai 3 rplane frequency in performing a fishtail. 

Comp arisons h et ween mjeasvu’ed a nd estir!]ace d_^M- ~ A coriiparxson 
of the'laeasured loads with those computed on the hasis of the theory 
of flat yawing (reference 5) is presented in figure ^ 0 , which shows 
the maxirfrum tail load Dieas'jred' per degree of rudder dei lection during 
each run. Me.sn aiiiplitudes of rudder deflection were used to obtain 
the experimental values of load per degree . Also included in 
figure 50 is a line corresponding to the load per degoree for a 
control motion in which the rudder was ass'umed to he retixrned to 
trim at the tim.e of maximum sideslip. Figure pO shows that the loads 
meas'ured dirring the fishtails did not reach the compu.ted resonani^ 
value hut were more nearly eq'ua.l to the values given by the equation 
representing the hypothetical U"type control motion. 


Load Distrihutions 

The fishtail maneuvers, as indicated hy simple dynamics, yield 
an angle -of -attack load with rudder at aero deflection plus a ^ 
zero-yaw full -rudder load according 'bo the phase relations indicated 

hy figure 4 s(h) . 

Figrre 51 presents the spanwise load distrihutions over ohe 
rudder and fin at various ti'mes during the power-on fishtail ^ 
maneuvers of figures 43, 44, and 45- The spanwise and chordwise 
load distrihutions and chordwise load distrihutions over rih V 
during the fishtaj.ls of figures 46 aid 47 are presented in fig^es ^2 
and 53, respectively. Figure 5^(a) presents the center of load 
on the fin at the tiioes of rsaximuii loads on the fin during lAe 
fishtail. Also, for illustrative purposes, time histories of the 
center -of -load variation during the fishtails of figures 4b am i-T 
are presented in 5^(l)* 


CONCLUSIONS 


The conclusions are grouped under the general subject heading 
from vihich they were derived. 


26 


NACA TN No. 1394 


First load peak folloving a rudder k ick (deflection load) . - 

1. The deflection load can he determined with sufficient 
accuracy hy the product of the moment of inertia and the first 
maximum yawing acceleration divided hy the tail length. 

2. The minimum time used hy the pilot to attain the maximuxa 
rudder deflection at each flight condition appeer's to he a constant. 

3- The deflection load on the vertical tail of the test 
airplane reaches values close to those for an irfinite rate of 
control deflection. 

Se cond load peaic following a rudder jcich (dp'-najoic load) . - 

1. The dynamic load can he determined with sufficient acciiracy 
hy the svmi of the component of load necessary to hadance the mstahle 
yawing moiient of tlie wing -fuselage comhination in sideslip and the 
component of load due to angular acceleration in ya,w. 

2 . After the initial r\:idder kick the retvirn of the rud-der 
to trim was, in genera.1, made at the time of maximum sideslip so 
that the load due to abrupt reversal of the rud.der 'Evas super - 
ia^osed at the tiiTie of rijaxliiiuiii overshoot load. 

3 . A rational approxiaiate formula based upon a U-type control 
deflection satisfactorily expresses the upper limit value of 

the measured dynaaiic loads for this airplane. Thxs formula is in 
terms of the side slip -rudder ratio from steady fliglat results and 
a magnification factor which considers the amount of directional 
damping in the alrplaiie . 

Load distributions . - 

1. The critical loads on the rudder are associated with the 
deflection load. The deflection load on the rudder is approxj.mately 
equal to the total deflection load on the tail. 

2. The critica-l loads on the fin are associated with the 
dynamic load on the tail. The upper limit of the meaB^lred dynamic 
loads on the fin is satisfactorily expressed a,s the fraction of 

the total dynainic load which woudd he carried for the rudder at zero. 

3 . At the time of i-iaximum fin load the spanwise center of 
load on the fin is 10 percent farther outboard than the design 
airload distribution. 
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Fishtail nianouvers . - 


1. The EiaximuiTi loads measured during the fishtail maneuvers 
were no greater than, those which would result from a l-vy-pothetical 
U- tjpe rudder kick in which t3ie rudder is returned to zero at the 
time of iiiaximvun sideslip. 

2. As riii^it he expected the pilot tends to work the rudder 
in phase with the natural frequency of the airplane . 

3 . At resonance the rudder angle and sideslip angle are 90° 
out of phase so that at maximuEi sideslip the rudder deflection is 
zero and the load is proportional to the sideslip angle . 

4. An abrupt stopping action in whicli the rudder is kicked 
against the swing results in higla rudder loads. If the control is 
worked against tlie airplane swing, the p3iase relation between the 
rudder and fin loadcj is disturbed so that the loads beooiiie additive . 


Langley Memorial Aeronantical Laboratory 

Wational Advisory Committee for Aeronautics 
Lan.-jley Field, Va., April 9, 1947 
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STEAIfT-SIBESLrP TESTS 


Run 

▼e 
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(deg) 

(a) 

To 
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(d 4 ) 

Alf- 

(lO 

(It) 

(It) 






Power on 



3 

k 

5 

7 

8 
9 

11 

12 

13 

15 

16 
IT 
18 

19 

20 

79 

80 

8 1 

82 

83 

84 
86 

87 

88 

89 

90 

91 

93 

94 

95 

96 

105.0 

105.0 

XP 3.0 

162.0 

162.5 

164.0 

165.0 

161.0 

159.5 

217.5 

218.5 

219.5 

217.0 

218.0 

218.5 

277.5 

275.5 

275.5 

277.0 

277.5 

276.5 

339.5 

334.5 

337.0 

337.0 

335.5 

334.5 

379.5 

378.0 

372.5 

374.0 

- 11.40 

^.95 

15.90 

-3.05 

-7.15 

- 12.00 

5.30 

8.15 

10.15 
-3.80 

-5.45 

-7.25 

2.70 

3.65 

5.35 

-2.05 

-3.50 

-4.35 

1.15 

2.20 

3.20 

- 1.00 

-1.65 

- 2.10 

.50 

.90 

1.10 

-.80 

- 1.10 

.75 

.75 

0.109 

.109 

.108 

.045 

.044 

.044 

.043 

.045 

.046 

.030 

.030 

.030 

.030 

.030 

.030 

.022 

.023 

.023 

.023 

.022 

.023 

.012 

.013 

.013 

.013 

.013 

.013 

.009 

.009 

.009 

.009 

0.007 

.007 

.007 

.004 

.004 

.004 

.004 

.004 

.004 

.004 

.004 

.004 

.004 

.004 

.004 

.004 

.004 

.004 

.004 

.004 

.004 

.002 

.003 

.003 

.003 

.003 

.003 

.002 

.002 

.002 

.002 

-5.25 

7.55 

13.30 

- 1.75 

-4.30 

-7.05 

2.50 

5.10 

6.85 

- 1.24 

-2.29 

- 4.44 

1.41 

2.01 

.34 

-,60 

-1.05 

-1.05 

.55 

.99 

2.20 

.03 

-.17 

-.17 

.54 

.83 

1.33 

-.02 

-.12 

.18 

.48 

- 2.50 

1.10 

-.90 

-.69 

-2.69 

-3.59 

.11 

-.59 

-1.37 

-.72 

-1.32 

- 2.12 

-.12 

-.32 

-.82 

-.17 

-.17 

-.47 

.03 

-.07 

-.17 

-.02 

-.12 

-.22 

-.02 

.10 

-.02 

-.12 

-.02 

.08 

.08 

102 

-162 

-235 

120 

246 

307 

-186 

-286 

-388 

176 

275 

4 l 8 

-157 

-^67 

-377 

171 

267 

331 

-100 

-239 

-342 

150 

209 

252 

-154 

-250 

-315 

124 

l 64 

-169 

-224 

-1 

26 

86 

-28 

-23 

-57 

38 
107 
150 
-19 
-54 
-68 

42 

82 

143 

-39 

-78 

-n 4 

39 
80 

122 

-34 

-61 

-68 

46 

74 

94 

-49 

-59 

36 

44 

101 

-136 

-149 

87 

221 

249 

-149 

-178 

-241 

157 

221 

350 

-115 

-185 

-234 

140 

197 

225 

-53 

-151 

-212 

113 

148 

185 

-107 

-176 

-221 

76 

106 

-132 

-175 

0.156 

-.248 

-.373 

.077 

.159 

.193 

-.116 

-.188 

-.a 6 i 

.064 

.098 

.147 

-.057 

-.095 

-.134 

.038 

.060 

.074 

-.022 

-.053 

-.076 

.022 

.032 

.038 

-.023 

-.038 

-.048 

.014 

.020 

-.021 

-.027 

- 0.002 

.040 

.137 

-.018 

-.015 

-.036 

.024 

.070 

.101 

-.007 

-.019 

-.024 

.015 

.029 

.051 

-.009 

-.017 

-.025 

.009 

.018 

.027 

-.005 

-.009 

-.010 

.007 

.011 

.014 

-.006 

-.007 

.004 

.005 

0.155 

-.208 

-.237 

.0^ 

.143 

.156 

-.093 

-.117 

-.162 

.057 

.078 

.123 

-.042 

-.066 

-.083 

.031 

.044 

.050 

-.012 

-.033 

-.047 

.017 

.023 

.028 

-.016 

-.027 

-.034 

.009 

.013 

-.016 

-.021 





Power off 


36 

37 

38 

40 

41 

42 

44 

45 

46 

48 

49 

50 

52 

53 

54 

56 

57 

58 
60 

61 

62 

64 

65 

66 

67 

68 

69 

70 

100.0 

104.0 

105.0 
105.0 

105.0 

108.0 

158.5 

159.5 

161.0 

164.0 

161.0 

161.0 

218.0 
218.0 

218.5 
218.5 

218.0 

218.5 

219.5 

219.0 

218.5 

219.5 

219.5 

216.5 

159.5 
159.5 
159.5 
159.5 

-12.45 

-16.32 

-19.82 

8.28 

13.68 

16.13 

—5.60 

-10.22 

-12.28 

5.35 

7.77 

11.87 

-3.47 

-5.82 

-7.52 

2.83 

4.18 

5.43 

-2.82 

-5.62 

-6.67 

2.08 

3:38 

3.89 

-.37 

-cl 7 

-.37 

-.77 


— 

- 6.08 

-9.78 

-14.03 

5.67 

9.47 
12.22 
-2.28 
- 6.73 
-9.80 

4.09 

6.05 

10.80 

-1.57 

-3.22 

-4.67 

2.33 

3.48 

5.03 

-1.07 

- 2.67 

-3.97 

1.18 

2.48 

3.73 

-.03 

-.18 

-.25 

.05 

-.30 

-2.35 

-4.05 

-1.85 

-3.85 

-5.35 

-.22 

-1.34 

- 1.86 

-1.34 

-1.95 

-3.95 

-.17 

-.47 

-1.08 

-.28 

-.57 

-1.08 

-.12 

-.51 

-.96 

-.22 

-.52 

-.18 

-.18 

-.23 

-.23 

-.13 

118 

153 

189 

-96 

-160 

-174 

137 

292 

367 

-138 

-230 

-338 

175 

266 

352 

-170 

-245 

-345 

140 

259 

343 

-113 

-195 

-246 

22 

7 

11 

40 

-13 

-28 

-62 

26 

39 

54 

-39 

-101 

-128 

51 

68 

112 

^9 

-92 

-163 

62 

96 

138 

-48 

-145 

37 

73 

108 

-2 

5 

-1 

-9 

109 

124 

125 

-73 

-124 

-126 

74 

167 

217 

-109 

-184 

-248 

118 

169 

192 
-113 
-154 
-212 

86 

160 

193 
-82 

-128 

-143 

-4 

-12 

-14 

-13 

.201 

.239 

.290 

-.147 

-.245 

-.253 

.093 

.196 

.241 

-.087 

-.151 

-.222 

.062 

.095 

.125 

-.060 

-.087 

-.122 

.049 

.092 

.122 

-.040 

-.069 

-.090 

.015 

.005 

.007 

.027 

-.022 

-.044 

-.095 

.040 

.060 

.079 

-.026 

-.068 

-.084 

.032 

.045 

.074 

-.017 

-.033 

-.058 

.022 

.034 

.049 

-.017 

-.033 

-.051 

,013 

.026 

.039 

-.001 

.003 

-.001 

-.006 

.186 

.197 

.192 

-.112 

-.190 

-.197 

.050 

.112 

.142 

-.068 

-.121 

-.163 

.042 

.060 

.068 

-.040 

-.055 

-.075 

.030 

.056 

.069 

-.029 

-.045 

-0O52 

-.003 

-.008 

-.009 

-.009 


steady value (increment frcan wings level) . 
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TABLE II 
RUDDER KICKS 


Flight 

Ron 

(niph) 

Power 

(deg) 

(a) 

Tc 


Altitude 

(ft) 

(lb) 

(deg) 

(deg/sec) 

"*^1 

(rad/Boc^) 

(raa/sec) 



100.0 

On 

0 



----- 

10,000 

75 

10.08 

26.08 

-0.224 

-0.200 

6 

1 6 

106.0 

On 

0 


— 

10,000 

-55 

-10.08 

-73.13 

.347 

.194 


101.0 

On 

0 

— 

— 

10,000 

— 

-9.59 

-45.05 

.285 

.178 


u 

100.0 

On 

0 

— 

— 

10,000 

— 

— 

93.00 


- .2^ 

8 

/2 

198.7 

Rated 

0 

0.061 

0.007 

6,000 

-138 

-5.30 

-57.04 

.341 

.220 

l*^ 

198.2 

Rated 

0 

.062 

.007 

6,000 

125 

4.05 

43.48 

-.274 

-.187 

8a 

k 

203.0 

Rated 

0 

.057 

.007 

6,000 


-11.91 

-43.43 

.883 

.440 


fl 

199.5 

On 

0 

.032 

.004 

6,000 

271 

6.44 

16.55 

-.435 

-.298 

8b 


203.0 

On 

0 

.032 

.004 

6,000 

285 

6.44 

55.29 

-.487 

-.319 


b 

202.0 

On 

0 

.032 

.004 

6,000 

-271 

-7.73 

-22.40 

.514 

.308 


fl 

296.5 

On 

0 

.018 

.003 

6,000 

-332 

-4.51 

-20.17 

.624 

.246 

11a 

J2 

298.5 

On 

0 

.018 

.003 

6,000 

-328 

-4.51 

-16.15 

.600 

.269 

is 

297.0 

On 

0 

.018 

.003 

6,000 

269 

4.03 

35.30 

-.652 

-.134 


u 

fl 

296.0 

On 

Off 

0 

.018 

.003 

6,000 

7,000 

280 

-26 

3.86 

-8.62 

17.22 

-66.48 

.158 

-.224 

.167 


1 1 





Ub 

J2 

100.0 

Off 

0 

— 

— 

5,000 

32 

7.81 

60.85 

-.112 

-.133 


102.5 

Off 

0 



— 

7,000 

-32 

-11.50 

-116.23 

.178 

.194 


[•* 

101.0 

Off 

0 





6,000 

38 

10.86 

86.42 

-.145 

-.178 


r 2 

101.0 

Off 

0 

----- 



6,000 



25.53 

124.60 

-.417 

-.377 


3 

101.0 

Off 

0 



— 

6,000 

-93 

-20.81 

-41.99 

.296 

.366 

52 


100.0 

Off 

0 

----- 

— 

6,000 


I 26.02 

70.94 

-.366 

-.422 


b 

101.0 

Off 

0 





6,000 

— 

-21.46 

-184.74 

.274 

•333 


"2 

200.0 

Off 

0 





6,000 

6,000 

-200 

238 

-10.30 

12.08 

-36.72 

79.03 






3 

192-0 

Off 

0 

----- 

----- 



* 4 

197.0 

Off 

0 





6,000 

6,000 

-212 

223 

-9.98 

9.66 

-22.61 

32.65 

--------- 

--------- 


5 

203.0 

Off 

0 

----- 

----- 




f 6 

294.5 

Off 

0 

----- 

----- 

6,000 

-354 

-4.83 

»42 . 44 

.751 

.269 


1 7 

R95.5 

299-5 

Off 

0 

— 

— 

6,000 

-313 

-4.03 

-^1.88 

.551 

.224 

11a 

4 8 

Off 

0 



— 

6,000 

332 

4.90 

48.10 

-.521 

-.235 


b 

299.8 

Off 

0 

— 

— 

6,000 

309 

4.51 

10.10 

-.411 

-.224 

2 k 

/5 

157.5 

On 

21.00 

.047 

.004 

6,000 

-591 

-20.15 

-137.35 

.799 

.588 

16 

164.5 

On 

-15.40 

.043 

.004 

6,000 

306 

17.40 

141.47 

-.897 

-.441 


fl 

204.0 

Rated 

-4.80 

.057 

.007 

6,000 

239 

6.76 

11.62 

-.344 

-.280 


I 2 

198.5 

Rated 

-5.20 

.061 

.007 

6,000 

239 

7.25 

53.20 

-.392 

-.258 

12a 

1 3 

197.5 

Rated 

5.30 

.062 

.007 

6,000 

-267 

-9.66 

-3.55 

.580 

.381 



198.5 

Rated 

4.00 

.061 

.007 

6,000 

-276 

-9.66 

-92.20 

.765 

.381 


fl 

199.0 

On 

-8.70 

.032 

.004 

6,000 

313 

9.34 

89.47 

-.618 

-.336 

15 

{2 

198.5 

On 

7.00 

.032 

.004 

6,000 

-343 

-12.08 

-99.80 

.876 

.482 


fl 

299.5 

On 

4.50 

.018 

.003 

6,000 

-368 

-6.41 

; -63.24 

.819 

.311 

2 k 


299-0 

On 

-4.00 

.018 

.003 

6,000 

339 

5.50 

68.67 

-.866 

-294 

2 k 

{i 

159-0 

154.0 

Off 

Off 

19.97 

-15.65 





6,000 

6,000 

-420 

446 

-26.56 

28.17 

-125.91 

189.46 

.862 

-1.065 

.661 

-.588 


f5 

198.0 

Off 

-4.00 

----- 

1 ---- 

6,000 

221 

10.95 

16.94 

-.494 

-.336 


J 6 

200.5 

Off 

-5.00 


‘ 

6,000 

254 

10.95 

93.62 

-.698 

-.358 

12a 

1 7 

197-0 

Off 

5.40 




6,000 

-321 

-10.47 

-58.24 

.599 

• 437 


Is 

200.0 

Off 

5.10 





6,000 

-313 

-9.90 

-149.30 

.627 

.358 

V 


198.0 

Off 

-8.55 

----- 

----- 

6,000 

304 

13.52 

109.33 

-.804 

-.414 

15 

199-5 

Off 

5.80 





6,000 

-354 

-10.63 

-110.88 

.715 

.392 



290.0 

Off 

5.00 



----- 

6,000 

-420 

-6.18 

-48.86 

.71*0 

.316 

2 k 

288.5 

Off 

-4.75 



— 

6,000 

332 

6.4l 

63.74 

-.709 

-.271 


^Initial steady fli^t value (increiient from wings level) 
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TABLE II - Concluded 
RUIIDES KICKS - Concluded 


Flight 

Bun 

e 

(rad/sao) 

9 

( raA / aec ^) 

(deg) 

♦2 ^ 

(rad/eec2) 

(It) 

^ri 

(U>) 

(It) 

^fo 

(It) 

(Xt) 

(It) 

(sec) 



f k 

0.082 

0.186 

8.56 


30.0 

115 

112 




0.90 




-•179 

-.240 

A.97 

- 0 . 3**5 

-51.0 

-150 

-196 

130 

138 

229 

.80 

6 




-.157 




-43.0 

-70 

-123 

72 

3 

75 

•95 


1 

,9 

.046 

.0^ 



64.0 

155 

216 

-322 

-216 

-535 

1.10 




-.203 

-.238 

- 9 . 9 ^^ 

-.456 

-55.0 

-187 

-193 

459 

53 

613 

1.55 

8 

I 

J 

.054 

.145 

5.52 

.204 

15.0 

159 

138 

-498 

46 

-426 

2.10 

8a 

4 

-.36U 

-.372 

-19.33 

-.871 

-35.0 

- 4 l 8 

-435 

810 

60 

880 

.70 



1 

.075 

.155 

13.53 

.725 

10.0 

373 

305 

-830 

-188 

-963 

.90 

8b 


; 

.107 

.1^ 


.736 

42.0 

350 

332 

-798 

-169 

-955 

.80 


L 3 

-.268 

-.295 


-.659 

-20.0 

-182 

-230 

735 

188 

790 

1.00 



1 

--228 

-.292 

- 8.84 

-1.137 

-80.0 

-460 

-400 

1115 

155 

1458 

.80 



2 

-^8 

-.306 

-9.11 

-1.082 

124.0 

-504 

-450 

1297 

72 

1400 

•75 

11a 

< 


.057 

.127 

6.90 

.877 

10.0 

368 

370 

-1135 

-83 

-1185 

• 55 


1 

1 4 

.057 

.154 

6.90 

.798 

-15.0 

332 

250 

-1115 

-80 

-1067 

.70 



r 1 

-.020 

-.009 

-6.91 


-30.0 

-68 

-95 

— 





>2.90 



2 

.031 

.034 

-5.39 


17.0 

“79 

95 




7 > 3.00 

k-b 



-.010 

-.018 

-8.29 


- 24.5 

e 

-82 

Oe 

-107 




2.80 

2.40 




.031 

.046 

0.63 


30.5 

05 

I 







' 2 

.092 

.110 

-6.91 


61.0 

184 

239 




>1.00 



3 

0 

-.012 

-11.60 


-30.0 

-131 

-153 

— — 

— 

----- 

>1.20 

^2 


4 

.056 

.109 

12.49 


27.0 

180 

199 




>1.30 





.017 

-.201 

-8.01 


- 46.0 

-154 

-1^ 




1.30 


1 

^ 5 

r 2 

-.214 

-10.78 


-53.0 

-398 

-445 

792 

-50 

720 

0.85 



1 3 

.096 

.283 

15.74 


90.0 

352 

405 

-750 

-98 

-833 

1.00 

Tt 

i 

1 k 

-.182 

• 173 

-10.50 


-25.0 

-351 

-305 

669 

-135 

540 

>120 


1 

[5 

.075 

.140 

12.71 


32.0 

293 

308 

-708 

-101 

-807 

.90 


1 

r 6 

-.171 

-.220 

-9.11 

-1.170 

-15.0 

-468 

-485 

1405 

173 

1539 

•95 



7 

-.114 

-.199 

-8.29 

-.918 

27.0 

-305 

-265 

1083 

217 

1150 

80 

11a 

< 

8 

.057 

.177 

7.60 

.813 

30.0 

318 

300 

-975 

-59 

-1077 

.80 


1 


.057 

.132 

6.49 

.848 

-10.0 

284 

190 

-1070 

-86 

-nil 

• 45 


j 

r 5 

.224 

-.297 

-27.98 

-.728 

- 142.0 

-258 

-420 

H 48 

112 

1220 

1.20 

2 k 

1 

L 6 

-.053 

.456 

20.48 

.740 

415.0 

125 

495 

-915 

-55 

-975 

1.00 


1 

r 1 

.120 

.167 

13.44 

.566 

18.0 

271 

220 

-813 

-44 

-835 

1.10 


1 

1 2 

.137 

.218 

12.60 

.589 

65.0 

252 

315 

-728 

-59 

-780 

1.20 

12a 



-.200 

.292 

- 14.84 

-.652 

-49.0 

-346 

-370 

870 

-8 

855 

.90 



[2 

-.177 

-.283 

-18.20 

-.669 

-77.0 

-385 

-452 

843 

31 

898 

.95 


r 1 

.143 

.222 

14.70 

.580 

13.0 

220 

345 

-872 

-40 

-890 

.70 

15 

< t 


-.215 

.263 


-.730 

-115.0 

-510 

-608 

1020 

-45 

919 

• 55 

1 

L ^ 

r 1 

-.085 

-9.56 

-.930 

-20.0 

-475 

-455 

1255 

-20 

1235 

.35 

2 k 


L® 

.085 

.294 

9.56 

.720 

90.0 

597 

640 

-1180 

152 

-990 

.50 


1 

r 7 

.192 

•297 

-29.76 

-. 9&7 

-85.0 

- 46 o 

-540 

1095 

-25 

1050 

1.40 

2 k 


L 8 

-.043 

.353 

29.76 

.678 

135.0 

528 

630 

-960 

33 

-880 

1.10 



r 5 

10"^ 

-.406 

16.80 

.621 

27.0 

286 

263 

-808 

-30 

-832 

.60 


1 

1 6 

.XVJ 

.114 

-•363 

15.68 

.550 

102.0 

383 

475 

-761 

-14 

-775 

• 65 

12a 

< 

1 7 

-.057 

-.699 

-14.56 

-.863 

-50.0 

-305 

-300 

862 

139 

1010 

.60 



Is 

-.057 

-.046 

-12.60 

-.643 

-57.0 
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TABLE IV 


FISHTAIL MANEUVERS 


(" Altitude, 6000 ft"] 


Flight 

Run 

Speed 

(mph) 

Power 

Initial 

A6 

(deg) 

Mean 

A 5 

(deg) 

Max. load 
first cycle 
(lb) 

Max. 

load 

(lb) 

Max, 

rudder 

load 

(lb) 

Max. 

fin 

load 

(lb) 

Remarks 



fl 

150 

On 

8.0 

9.0 

-600 

-670 

-160 

-660 

Attempt to maximize loads 

-LQ 

1 

[2 

151 

Off 

13-5 

14.0 

-450 

570 

125 

630 

(hi^ sideslip amplitude) 



' 1 

151 

Rated 

-11.5 

11.0 

960 

1070 

-420 

-780 




, 2 

15 *<- 

Rated 

13.0 

11.5 

-780 

-1070 

-300 

-790 

Attempt to maximize load? 

18a 


' 3 

151 

Off 

- 14.0 

16.0 

720 

940 

350 

660 

(rudder kick against swing) 



L 4 

153 

Off 

11.0 

11.0 

-610 

-930 

270 

-710 


ORo 


fl 

199 

Rated 

-8.5 

T <5 

880 

-1200 

-290 

-970 

Attempt to maximize loads 


1 

[2 

198 

Off 

-8.2 

7-5 

1000 

1130 

290 

860 

(high sideslip amplitude) 



1 

200 

Rated 

-6.5 

3-15 

580 

64 o 

-290 

650 




2 

250 

Rated 

- 3-1 

2.00 

470 

600 

-200 

620 


26 

< 

3 

300 

Rated 

-2.3 

1.65 

750 

810 

210 

810 

Natured mild fishtail 




3»^5 

Rated 

-2.2 

1.50 

640 

-840 

-290 

-760 
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NACA TN No. 1394 


Fig. 1 




(b) Side view. 

Figure 1.- Photographs of test airplane 
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Figure 2.- Three-view drawing and list of geometric characteristics of test airplane. 


NACA TN No. 1394 Fig. 



Figure 3. - Plan form of vertical tail used on test airplane and profiles of the airfoil sections 

around which pressure orifices were distributed. 
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NACA TN No. 1394 


Fig. 4 



(a) Profile of fairing. 



(b) Side view of fairing. 

Figure 4.- Photographs of vertical tail showing profile and 
plan form of protuberance caused by fairing over pressure 
lines. 
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Fig. 5 
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Figure 5.- Location of orifices at which pressures were measured. 
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Figure 6.- Variation with equivalent airspeed of rudder and elevator 
control deflections and angle of sideslip required to maintain 
wings level with power on and power off. 
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Fig. 7 


o Po\Ner on 
□ Po\Ner off 
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Figure 7.- Variation with equivalent airspeed of normal -force 
coefficients on surfaces of vertical tail for wings in level flight 
with power on and power off and variation of spanwise center 
of pressure on fin. 
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Figure 8.- Variation of increments of rudder and elevator control 
deflections and pedal -force factor with incremental change in 
sideslip measured from wings in level flight with power on and 
power off. 
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Fig. 9 
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Figure 9.- Change of vertical tail, fin, and rudder normal -force 
coefficients with change in sideslip ai^le measured from 
wings -level condition with power on and power off. 


Fig. 10 
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Figure 10.- Isometric views of pressure distribution over vertical 
tail surface at various increments of sideslip for wings in level 
flight at 220 miles per hour and with power on. Airplane lift 
coefficient, 0.28; = 0.03; = 0.004. 
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Fig. 11 
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Figure 11.- Spanwise load distributions on fin and rudder, corresponding 

to the isometrics of figure 10. 


Span 


Jpanw/sc center of pressure on fm, percent span 


Fig. 12 
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Figure 12.- Variation of spanwise center of pressure on fin with change 
in sideslip from wings-level condition at = 100, 160, and 
220 miles per hour with power on. 
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Fig. 13 
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(c) Flightiia,runi, 
Ve’JOO mph. 



Figure 13.- Time histories of three abrupt rudder kicks to the right 
made at = 100, 200, and 300 miles per hour with power on. 
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Figure 14.- Time histories of normal forces on vertical tail surfaces 

for right rudder kicks of figure 13. 
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Fig. 15 
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Figure 15.- Time histories of three abrupt rudder kicks to the left made 
at Vg = 100 , 200 , and 300 miles per hour with power on. 
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Figure 16. 
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Time histories of normal force on vertical tail surfaces 
for left rudder kicks of figure 15. 
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Fig. 17 
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0 12 3 

Time, sec 
(a) Tlightl2a,fw2; (jh) Thght I2a, run4, 
tep r/ght. 

Figure 17.- Time histories of left and right rudder kicks against 
left and right sideslips, respectively, at Vg = 200 miles per 
hour with power on. 
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Figure 18.- Time histories of normal force on vertical tail surfaces 
for rudder kicks against initial sideslip of figure 17. 
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Fig. 19 
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Figure 19.- Comparison of measured load on vertical tail with sum 
of component of load necessary to balance wing and fuselage 
moments and component associated with yawing acceleration for 
flight 11a, run 1 (figs. 13 and 14). Vg = 300 miles per hour. 
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Figure 20.- Illustration of symbols used for slopes and 

incremental values. 
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Figure 21.- Relation between the maximum deflection load and the 
maximum angular acceleration in yaw. 
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Figure 22.- Rates of rudder deflection used by pilot plotted against equivalent airspeed 

with power on and power off. 
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Figiare 23.- Rate of rudder deflection plotted against increment of pedal force used by pilot. 
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Figure 24.- Reciprocal of time to reach maximum rudder deflection against equivalent 

airspeed with power on and power off. 
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Figure 25.- Deflection load per degree rudder deflection plotted against dynamic pressure 
compared with deflection load for infinite rate of control deflection. 
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Figure 26.- Computed deflection load on vertical tail of test airplane 
in percent of load for infinite rate of deflection against time to 
reach final control deflection and comparison of typical control 
deflection with linear tjrpe assumed for computations. 
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Figure 27.- Comparison of measured dynamic load with d 3 mamic load derived from angle of 

sideslip and yawing acceleration. 
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(b) Compuled etted of /nifiol reversal of 
several hme intervals. 


Figure 28.- Ratio of angle of sideslip in rudder kicks to value in 
steady sideslip for corresponding amount of rudder deflection 
plotted against equivalent airspeed and illustration of computed 
effect of the time of control reversal on sideslip ar^le reached. 
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Figure 29.- Comparison of load due to angular acceleration in yaw for 
two types of rudder manipulation in otherwise similar runs. 
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Figure 30.- Ratio of second and first maximum angular accelerations 
plotted against equivalent airspeed and illustration of computed 
effect of time of control reversal on angular acceleration in yaw. 
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Figure 31.- Dynamic balance load per degree rudder deflection plotted against 

d 3 mamic pressure. 
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Figure 32.- Isometric diagrams of pressure distributions over 
vertical tail during right and left rudder kicks. 
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Figure 33. - Comparison of magnitude of deflection load on rudder 
with total deflection load on vertical tail in rudder kicks. 
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Figure 34.- Comparison of magnitude of maximum dynamic load 
on fin with total d 3 mamic load on vertical tail in rudder kicks. 
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Figure 35.- Spanwise load distributions on the fin and rudder for 
the time of maximum load on each surface during rudder kicks 
at Vg = 100, 200, 300 miles per hour with power on. 
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Figure 37.- Spanwise load distributions on the fin and rudder for the 
time of maximum load on each surface during rudder kicks at 
100 , 200 , and 300 miles per hour with power off. 
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Figure 38.- Chordwise pressure distributions over rib V (see fig. 5) 
for spanwise load distributions of figure 37. 
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Figure 39.- Variation with equivalent airspeed of the spanwise center 
of load on the fin at the time of maximum fin load for most severe 
rudder kicks with power on and power off. 
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Figure 40.- Variation of load per degree rudder deflection with 

dynamic pressure, including estimated maximum loads for load on 
rudder and for load on fin. 
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Figure 41.- Diagram showing loads on rudder and fin plotted against 

equivalent airspeed. 
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Figure 42.- Curves from reference 12 showing magnification of 

amplitude for various ratios of damping to critical damping against 
the ratio of frequency of impressed force to natural frequency of 
system and phase lag between impressed sinusoidal force and 
amplitude. 
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Figure 43.- Time histories of measurements recorded during power-on 
and power-off fishtails at 150 miles per hour. 
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Figure 44.- 'Time histories of measurements recorded during power-on 
and power-off fishtails at 200 miles per hour. 
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Figure 45.- Time histories of measurements recorded during power-on 
and power-off fishtails at 150 miles per hour in which pilot kicked 
rudder against the swing at point of maximum yawing velocity. 
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Figure 46.- Time histories of measurements recorded during mild 
fishtail maneuvers at 200 and 250 miles per hour with power on. 
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Figure 47.- Time histories of measurements recorded during mild 
fishtail maneuvers at 300 and 350 miles per hour with power on. 
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Figure 48.- Comparison of rudder manipulations of all fishtails with 

sine curves. 
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Figure 49. - Period of rudder motion compared with airplane period 
computed for rated power and power off. 
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Figure 50.- Variation of maximum measured vertical tail load per 
degree with dynamic pressure as compared with computed 
variation for condition of resonance. Dashed line represents 
variation for one cycle of U-type control manipulation. 
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Figure 51.- Spanwise load distributions over the rudder and fin at 
various times during the power-on fishtails of figures 43, 44, 
and 45. 
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Figure 52.- Spanwise load distributions over fin and rudder and 
chordwise load distributions over rib V (see fig. 5) at times of 
maximum yaw for fishtails of figure 46, 
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Figure 53.- Spanwise load distributions over fin and rudder and 
chord wise load distributions over rib V (see fig. 5) at times of 
maximum yaw for fishtails of figure 47. 
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Figure 54.- Spanwise center of pressure on fin at time of maximum 
load on fin for all fishtail maneuvers against equivalent airspeed 
and time history of spanwise center of pressure during fishtail 
maneuvers of figures 46 and 47. 


